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(54) [Title] Remote control light-receiving unit 

(57) Abstract 

Objective 

The objective is to reduce power consumption 
during standby while reducing the number of parts 
(cutting cost) and preventing malfunction. 

Means to solve 

A reference voltage detecting circuit 1 
comprising a reference voltage forming part 1 1 that forms 
a comparative reference voltage corresponding to the 
lowest operation voltage of the remote control light- 
receiving unit and a comparator circuit 12 that makes a 
comparison to the comparative reference voltage sent 
from reference voltage forming part 1 1 is incorporated in 
the unit. When the power supply voltage sent from the 
sub-power supply drops to the comparative reference 
voltage, a charging start signal is output from power 
supply voltage detecting circuit 1 to the charging circuit 
of the sub-power supply- 




Power supply voltage detecting circuit 
Comparative reference voltage forming 
part 

Comparator circuit 
Head amplifier 
Post amplifier 
Detecting circuit 
Integration circuit 
Hysteresis comparator 
Transmitter 
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[There are no amendments to this patent.] 

Claims 

1. A remote control light-receiving unit to which is connected a sub-power supply used 
for reducing the power consumption during standby, characterized by the following facts: a 
reference voltage forming part that forms a comparative reference voltage corresponding to the 
lowest operation voltage of the remote control light-receiving unit and a comparator circuit that 
makes a comparison to the comparative reference voltage sent from the reference voltage 
forming part is incorporated in the remote control light-receiving unit; when the power supply 
voltage sent from the sub-power supply drops to the comparative reference voltage, a charging 
start signal is output from the power supply voltage detecting circuit to the charging circuit of the 
sub-power supply. 

2. The remote control light-receiving unit described in Claim 1, characterized by the fact 
that the reference voltage forming part is constituted with a diode. 

3. The remote control light-receiving unit described in Claim 1, characterized by the fact 
that a band-gap voltage source is used as the reference voltage forming part. 

4. The remote control light-receiving unit described in Claim 1, characterized by the fact 
that the remote control light-receiving unit is equipped with a decoding circuit, which is 
manufactured by a bipolar process and can decode a remote control signal using hardware when 
the remote control signal is received, and can transmit the control signal used for resetting the 
main microcomputer or other control signals. 

5. The remote control light-receiving unit described in Claim 1, characterized by the fact 
that the remote control light-receiving unit is equipped with a decoding circuit, which is 
manufactured by a CMOS process and can decode a remote control signal using hardware when 
the remote control signal is received, and can transmit the control signal used for resetting the 
main microcomputer or other control signals. 

6. The remote control light-receiving unit described in Claim 4 or 5, characterized by the 
fact that the decoder circuit and the circuit of the remote control light-receiving unit are formed 
on the same chip. 

7. A remote control light-receiving unit, characterized by the fact that it has a sub- 
microcomputer specialized only in control of the sub-power supply used for reducing the power 
consumption during standby and in the remote control signal receiving function, and the sub- 
microcomputer and the circuit of the remote control light-receiving unit are formed on the same 
chip. 
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8. The remote control light-receiving unit described in Claim 7, characterized by the fact 
that a one-time programmable ROM that can be rewritten only once is incorporated in the sub- 
microcomputer. 

Detailed explanation of th e invention 
[0001] 

Technical field of the invention 

The present invention relates to a remote control light-receiving unit installed on the 
machine side of a TV, VTR, air-conditioner, or other consumer electronics. 

[0002] 
Prior art 

Conventionally, not much attention has been paid to reducing the power consumption of 
consumer electronics, especially the remote control light-receiving units and the peripheral 
systems. However, as global warming and other environmental problems have emerged, it has 
become important to reduce power consumption and avoid wasting energy. For that reason, there 
is also a demand for reducing the power supplied to the remote control light-receiving unit. The 
Ministry of International Trade and Industry is actively pushing the Top Runner program in 
order to reduce power consumption in TVs, VTRs, air-conditioners and other household 
appliances. 

[0003] 

As one of the standards for reducing the power consumption of household appliances, the 
operation time per day is set for each model. As a result, the power consumed during the standby 
period occupies a large percentage of the power consumption of the appliances. Also, it is 
necessary to reduce the power consumed by the remote control light-receiving unit, whose power 
is always on in order to reduce the power consumption during standby. In particular for a VTR, 
since the percentage of the standby time is higher than that of the operation time, it is important 
to reduce the power consumption during the standby period. In order to reduce the power 
consumption during standby for VTRs and other consumer electronics, it is necessary to reduce 
the power consumption of not only the entire system but also the remote control light-receiving 
unit and its peripheral system. 

[0004] 

A remote control generally used for consumer electronics is in an operable state not only 
during operation but also during standby. The power of the remote control light-receiving unit 



installed on the machine side is always ON. The power is supplied from AC 100 V via a 
transformer regulator, and a current of about several mA usually flows. 

[0005] 

The current consumption of a remote control light-receiving unit is about 2.5 mA. The 
limit is about 1 mA even for a product with low power consumption. In other words, when a 
CMOS process is adopted instead of the normal bipolar process in order to reduce the current 
consumption, the current can be reduced to about several hundred uA. However, it is difficult to 
further reduce the current consumption. 

[0006] 

As shown in Figure 7, a remote control light-receiving unit usually comprises photodiode 
101, head amplifier 102, post amplifier 103, band-pass filter (BPF) 104, detecting circuit 105, 
integration circuit 106, and waveform shaping circuit (hysteresis comparator) 107. For the 
remote control light-receiving unit, it is necessary to guarantee the S/N ratio against external 
disturbing light, electromagnetic noise, power supply line noise, and other external noise when 
receiving the remote control signals. Also, since it is necessary to receive the signals over a 
distance range from short distance to long distance to the remote control transmitter, the remote 
control light-receiving unit must be able to operate in response to the input light having a 
quantity of light from low to high level. The aforementioned circuits are needed in order to 
satisfy this. Therefore, it is difficult to reduce the number of circuits to lower the power 
consumption. 

[0007] 

Therefore, each manufacturer is coming up with various measures for reducing the power 
consumption of the remote control light-receiving unit. As one of the measures, a system that is 
controlled by a simple sub-microcomputer (referred to as sub-microcomputer hereinafter) that is 
specialized only for the control of the sub-power supply with low power consumption, and the 
remote control signal receiving function as shown in Figure 9 is proposed instead of the 
conventional system (see Figure 8), in which the operation of the remote control light-receiving 
unit is controlled by the main microcomputer (referred to as main microcomputer hereinafter) 
and the main power supply with high power consumption. In the system shown in Figure 8, the 
operation is controlled as follows: receiving the remote control signals by the remote control 
light-receiving unit (low-voltage operation type) -> sending the signals from the remote control 
light-receiving unit to the sub-microcomputer -> sending a power on signal from the sub- 
microcomputer to the main power supply or the main microcomputer. 
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[0008] 

Problem to be solved by the invention 

A super capacitor or secondary battery has been considered as the sub-power supply used 
in the aforementioned system with low power consumption. The power supply capability of the 
super capacitor or secondary battery, however, drops after a certain period of time. As a result, 
the power supply voltage drops below the lowest operation voltage of the remote control light- 
receiving unit. In this case, since the remote control light-receiving unit does not operate, the 
main power supply and the main microcomputer cannot turn on. Consequently, when a super 
capacitor or secondary battery is used as the sub-power supply, they must be charged, and the 
charging timing is important. 

[0009] 

As a method for controlling the charging timing, a timer function is provided to the sub- 
microcomputer. A trigger signal is provided to the charging circuit at a certain time interval to 
charge the sub-power supply at a certain time interval. However, variation in the charging 
interval caused by increase in the current consumption of the remote control light-receiving unit 
under the influence of the external environment, especially strong external disturbing light, 
becomes a problem for this method. Also, when the timer function is provided on the sub- 
microcomputer side in order to perform charging at a prescribed time interval, the power 
consumption of the sub-microcomputer is increased, and the cost of the system is also increased. 

[0010] 

The objective of the present invention is to solve the aforementioned problem by 
providing a remote control light-receiving unit that can reduce power consumption during 
standby while reducing the number of parts (cutting cost) and preventing malfunction. 

[0011] 

Means to solve the problem 

The present invention provides a remote control light-receiving unit to which is 
connected a sub-power supply used for reducing the power consumption during standby. This 
remote control light-receiving unit is characterized by the following facts: a reference voltage 
forming part that forms a comparative reference voltage corresponding to the lowest operation 
voltage of the remote control light-receiving unit and a comparator circuit that makes a 
comparison to the comparative reference voltage sent from the reference voltage forming part is 
incorporated in the remote control light-receiving unit; when the power supply voltage sent from 
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the sub-power supply drops to the comparative reference voltage, a charging start signal is output 
from the power supply voltage detecting circuit to the charging circuit of the sub-power supply. 

[0012] 

For the remote control light-receiving unit disclosed in the present invention, the power 
supply voltage supplied to the remote control light-receiving unit itself is detected. At the time 
point when the power supply voltage drops to the lowest operation voltage of the remote control 
light-receiving unit, a signal to start charging is sent to the charging circuit. Therefore, charging 
of the charging circuit can be controlled at an actually essential interval, and the power supply 
voltage supplied to the remote control light-receiving unit can be constantly maintained at the 
lowest operation voltage or higher. Also, since there is no need to maintain a timer function in 
the sub-microcomputer, the power consumption and cost can be reduced. 

[0013] 

When a power supply voltage detecting circuit is provided externally, a separate circuit 
(IC) becomes necessary. As a result, the cost is increased since the number of parts to assemble 
is increased. However, if the power supply voltage detecting circuit is incorporated in the remote 
control light-receiving unit according to the present invention, the circuit can be simply added to 
the IC for the remote control light-receiving unit. Therefore, a system with low power 
consumption can be realized at a low cost. 

[0014] 

In the remote control light-receiving unit disclosed in the present invention, the reference 
voltage forming part can be constituted with a diode. A band-gap voltage source can also be used 
as the reference voltage forming part. 

[0015] 

The remote control light-receiving unit disclosed in the present invention can also have a 
decoding circuit, which is manufactured by a bipolar process and can decode a remote control 
signal using hardware when the remote control signal is received, and can transmit the control 
signal used for resetting the main microcomputer or other control signals. 

[0016] 

The remote control light-receiving unit disclosed in the present invention can also have a 
decoding circuit, which is manufactured by a CMOS process and can decode a remote control 
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signal using hardware when the remote control signal is received, and can transmit the control 
signal used for resetting the main microcomputer or other control signals. 

[0017] 

The aforementioned decoder circuit can be formed on the same chip as the circuit of the 
remote control light-receiving unit. 

[0018] 

In the remote control light-receiving unit equipped with a sub-microcomputer that is 
specialized only for control of the sub-power supply used for reducing the power consumption 
during standby and in the remote control signal receiving function, when the su b-m icrocom puter 
and the circuit of the remote control light-receiving unit are formed on the same chip, the number 
of parts can be reduced. Also, in this case, a one-time programmable ROM that can be rewritten 
only once can be incorporated in the sub-microcomputer. 

[0019] 

Embodiment of the invention 

Figure 1 is a block diagram illustrating the circuit configuration an embodiment of the 
remote control light-receiving unit disclosed in the present invention. 

[0020] 

The remote control light-receiving unit shown in Figure 1 comprises photodiode 101 that 
receives the optical signals sent from transmitter 200, head amplifier 102, post amplifier 103, 
band-pass filter (BPF) 104, detecting circuit 105, integration circuit 106, and waveform shaping 
circuit (hysteresis comparator) 107. The waveform signal (Vout) corresponding to the optical 
input signal is output to a microcomputer (see Figure 7). 

[0021] 

The point that should be noticed in this embodiment is that the operation of the remote 
control light-receiving unit during standby is performed by the sub-power supply (not shown in 
the figure) and power supply voltage detecting circuit 1 is incorporated in the remote control 
light-receiving unit. 

[0022] 

Said power supply voltage detecting circuit 1 comprises a reference voltage forming 
part 1 1 that forms a comparative reference voltage corresponding to the lowest operation voltage 



of the remote control light-receiving unit and a comparator circuit 12 that compares the power 
supply voltage (Vcc) supplied from the sub-power supply to the remote control light-receiving 
unit to the comparative reference voltage sent from reference voltage forming part 1 1 . When the 
power supply voltage sent from the sub-power supply drops to the comparative reference 
voltage, a trigger signal (CTR) to start charging is output to the charging circuit of the sub-power 
supply. 

[0023] 

When said power supply voltage detecting circuit 1 is incorporated, at the time when the 
power supply voltage supplied to the remote control light-receiving unit drops to the lowest 
operation voltage of the remote control light-receiving unit, a trigger signal used to start charging 
is sent to the charging circuit of the sub-power supply. Therefore, the power supply voltage 
supplied to the remote control light-receiving unit can always be maintained at the lowest 
operation voltage or higher, irrespective of the increase in the current consumption of the remote 
control light-receiving unit. Consequently, the power consumption during standby can be 
realized without any problem. 

[0024] 

A circuit comprising four diodes 11a, 11a connected in series as shown in Figure 2 can be 
used as reference voltage forming part 1 1 used in the embodiment shown in Figure 1 . 

[0025] 

The reason for using four diodes 1 la in the example shown in Figure 2 is that the voltage 
drop per diode element is about 0.6 V and the overall voltage drop becomes about 2.4 V, so a 
comparative reference voltage corresponding to the lowest operation voltage (usually near 2.4 V) 
of the remote control light-receiving unit can be obtained. 

[0026] 

When reference voltage forming part 1 1 is constituted with diodes, the number of the 
diodes is not limited to four, but can be varied appropriately corresponding to the lowest 
operation voltage of the remote control light-receiving unit. 

[0027] 

A band-gap voltage source 21 shown in Figure 3 can also be used as the reference voltage 
forming part. When said band-gap voltage source 21 is used, it is barely affected by the 
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temperature so that stable circuit operation can be expected. A specific numeric value is provided 
below. 

[0028] 

First, if the reference voltage forming part is constituted with normal diodes, since each 
diode element has a temperature characteristic of about -2mV/°C, the voltage variation in the 
circuit configuration shown in Figure 2 is about 400 mV (-2 mV/°C x 50°C x 4 elements) when 
the temperature is 50°C. On the other hand, if the comparative reference voltage is formed by a 
band-gap voltage source, the voltage variation is only about 40 mV, since it is almost irrelevant 
to the temperature variation. Therefore, stable circuit operation can be expected. 

[0029] 

Figure 4 shows an example of the circuit configuration of band-gap voltage source 2 1 . 

[0030] 

Figure 5 is a block diagram illustrating the circuit configuration of another embodiment 
of the remote control light-receiving unit disclosed in the present invention. 

[0031] 

The remote control light-receiving unit shown in Figure 5 comprises photodiode 101, 
head amplifier 102, post amplifier 103, band-pass filter (BPF) 104, detecting circuit 105, 
integration circuit 106, and waveform shaping circuit 107 in the same way as the previous 
embodiment. Also, a sub-power supply is used to supply power to the remote control light- 
receiving unit during standby. The charting operation of the charging circuit in this sub-power 
supply is controlled by the same system described in the previous embodiment. 

[0032] 

The following facts should be noticed in this embodiment. The remote control light- 
receiving unit is manufactured by a bipolar process. A threshold voltage setting circuit 2 and a 
comparator circuit 3 are added in the stage after band-pass filter 104. When the first turn-on 
signal transmitted from the remote control is received, if that signal exceeds a certain threshold 
voltage, a trigger signal is sent to the main power supply or the main microcomputer. 

[0033] 

In the embodiment shown in Figure 5, low power consumption can be realized during 
standby by simple circuit addition. Instead of judging the remote control signal by a 
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microcomputer, the variation in the output of the remote control light-receiving unit is detected, 
and a start signal (trigger signal) is transmitted. Therefore, the system can be simplified. 

[0034] 

In the embodiment shown in Figure 5, if threshold voltage setting circuit 2 and 
comparator circuit 3 are formed on the same chip as the remote control light-receiving unit, the 
number of parts of the entire system and the number of the die bonding steps can be reduced. It is 
also possible to constitute the optimal circuit suitable for the characteristic of each remote control 
light-receiving unit. 

[0035] 

Figure 6 is a block diagram illustrating the circuit configuration of yet another 
embodiment of the remote control light-receiving unit disclosed in the present invention. 

[0036] 

The remote control light-receiving unit shown in Figure 6 comprises photodiode 101, 
head amplifier 102, post amplifier 103, band-pass filter (BPF) 104, detecting circuit 105, 
integration circuit 106, and waveform shaping circuit 107 in the same way as the aforementioned 
embodiment. Also, a sub-power supply is used to supply power to the remote control light- 
receiving unit during standby. The charting operation of the charging circuit in this sub-power 
supply is controlled by the same system described in the aforementioned embodiment. 

[0037] 

The point that should be noticed in this embodiment is that the remote control light- 
receiving unit is manufactured by a CMOS process to reduce the power consumption of the 
remote control light-receiving unit. Also, decoder circuit 4, remote control signal forming 
circuit 5, and comparator circuit 6 are added in the stage after band-pass filter 104. When a 
remote control signal is received, it is compared to the remote control signal written into the chip 
beforehand. If they are the same, a trigger signal is sent to the main power supply or the main 
microcomputer. 

[0038] 

If this circuit configuration is adopted, it is possible to determine whether the signal 
received by the remote control light-receiving unit is peripheral noise (external disturbing light 
or the like) or the remote control signal, so that malfunction can be prevented. 
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[0039] 

In the embodiment shown in Figure 6, if decoder circuit 4, remote control signal forming 
circuit 5, and comparator circuit 6 are formed on the same chip as the remote control light- 
receiving unit, the number of parts of the entire system and the number of the die bonding steps 
can be reduced. It is also possible to constitute the optimal circuit suitable for the characteristic 
of each remote control light-receiving unit. 

[0040] 

When the operation of the remote control light-receiving unit is controlled by a simple 
sub-microcomputer specialized only for the control of the sub-power supply and the remote 
control signal receiving function instead of being controlled by the main power supply and the 
main microcomputer as described above as a means for realizing low power consumption during 
standby, if the remote control light-receiving unit is constituted with CMOS in order to reduce 
the power consumption and the sub-microcomputer and the circuit of the remote control light- 
receiving unit are formed on the same chip, the number of parts of the entire system and the 
number of the die bonding steps can be reduced. It is also possible to constitute the optimal 
circuit suitable for the characteristic of each remote control light-receiving unit. 

[0041] 

Also, when a system controlled by a simple sub-microcomputer specialized only for the 
control of the sub-power supply and the remote control signal receiving function is adopted, the 
sub-microcomputer usually checks the pulse width or period to determine whether the signal is 
correct in order to process the remote control signal input from the remote control light-receiving 
unit. However, the remote control signal varies depending on the user, and there are also various 
kinds of checking references for pulse width or period. Therefore, the remote control signal used 
by the user may be inconsistent with the function of the sub-microcomputer. 

[0042] 

Therefore, an OTPROM (one-time programmable ROM: ROM that can be rewritten only 
once) is incorporated in the sub-microcomputer. During manufacturing, the pulse width or period 
of the remote control signal that is used most frequently in the machine is written into the 
OTPROM. For the users who use other remote control signals, an external terminal is used so 
that the pulse width or period can be rewritten corresponding to the remote control signal used by 
the user. In this way, there is no need to use a special ROM for each user. The manufacturing 
efficiency and the degree of design freedom can be improved. Also, in this case, the sub- 
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microcomputer and the circuit of the remote control light-receiving unit can be formed on the 
same chip. 

[0043] 

Table 1 shows the power consumption when the operation of the remote control light- 
receiving unit during standby is controlled by the main power supply and main microcomputer as 
in the conventional method and the power consumption when the remote control light-receiving 
unit is controlled by the sub-power supply and sub-microcomputer. 



[004] 

Table 1 

Controlled by the main power supply and main microcomputer 





Power consumption (mW) 


Main power supply 


300 


Main microcomputer 


20 


Remote control light-receiving unit with low 
consumption 


! 


Total 


321 


Controlled by the sub-power supply and sub-microcomputer 




Power consumption (mW) 


Sub-power supply 


150 


Sub-microcomputer 


0.5 


Remote control light-receiving unit with low 
consumption 


1 


Power supply voltage detecting circuit 


0.25 


Total 


151.75 



[0045] 

Effect of the invention 

As explained above, by using the remote control light-receiving unit of the present 
invention, it is possible to reduce the number of parts (cut the cost), prevent malfunction, and 
realize lower power consumption during standby. 
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Brief description of the figures 

Figure 1 is a block diagram illustrating the circuit configuration of an embodiment of the 
present invention. 

Figure 2 is a diagram illustrating an example of the reference voltage forming part used 
in an embodiment of the present invention. 

Figure 3 is a diagram illustrating another example (band-gap voltage source) of the 
reference voltage forming part used in an embodiment of the present invention. 

Figure 4 is a circuit configuration diagram illustrating an example of the band-gap 
voltage source. 

Figure S is a block diagram illustrating the circuit configuration of another embodiment 
of the present invention. 

Figure 6 is a block diagram illustrating the circuit configuration of yet another 
embodiment of the present invention. 

Figure 7 is a block diagram illustrating the circuit configuration of a general remote 
control light-receiving unit. 

Figure 8 is a block diagram illustrating an example of the control system of the remote 
control light-receiving unit. 

Figure 9 is a block diagram illustrating an example of the system with low power 
consumption. 

Explanation of symbols 
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